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(54) CORROSION-RESISTANT RARE-EARTH MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a corrosion- 
resistant rare-earth magnet constituted by coating the 
surface of a rare-earth permanent magnet having a 
composition expressed by R-T-M-B (wherein, R, T, M, 
and B respectively denote at least one kind of rare- 
earth element including Y, Fe or Fe and Co, at least one 
kind of element selected from among Ti, Nb, Al, V, Mn, 
Sn, Ca, Mg, Pb, Sb, Zn, Si, Zr, Cr, Ni, Cu, Ga, Mo, W, and 
Ta, and boron and adjusted in content so as to meet the 
inequalities of 5 wt.%<R<40 wt.%, 50 wt.%<T<90 wt.%, 0 
wt.%<M<8 wt.%, and 0.2 wt.%<B<8 wt.%, respectively) with 
a film containing a silicone resin, flaky fine metallic 
powder, and a complexing agent. 

SOLUTION: This corrosion-resistant rare-earth magnet 
can be manufactured inexpensively by applying a treating 
liquid containing the silicone resin, flaky fine metallic 
powder, and complexing agent to the surface of the 
rare-earth permanent magnet. Therefore, the industrial 
utilization value of this magnet is extremely high. 
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decision of rejection] 
[Date of extinction of right] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] R-T-M-B (and it Co(es) the rare earth elements in which R contains Y — at least — a 
kind and T — Fe or Fe — ) M is a kind of element chosen from Ti, Nb, aluminum, V, Mn, Sn, 
calcium, Mg, Pb, Sb, Zn, Si, Zr, Cr, nickel, Cu, Ga, Mo, W, and Ta at least. The content of each 
element, respectively 5wt%<=R<=40wt%, 50wt%<=T<=90wt%, The corrosion-resistant rare earth 
magnet characterized by having the coat which contains silicone resin, flake-like metal 
impalpable powder, and a complexing agent on the front face of the rare earth permanent magnet 
written at 0wt%<=M<=8wt% and 0.2wt%<=B<=8wt%. 

[Claim 2] The corrosion-resistant rare earth magnet according to claim 1 characterized by using 
methyl system silicone resin, methylphenyl system silicone resin, or the denaturation silicone 
resin that combined silicone and organic resin as silicone resin. 

[Claim 3] The corrosion-resistant rare earth magnet according to claim 1 or 2 characterized by 
using at least a kind of metal chosen from aluminum, Mg, calcium, Zn, Si, and Mn, and/or the 
flake-like impalpable powder of these alloys as flake-like metal impalpable powder. 
[Claim 4] The corrosion-resistant rare earth magnet according to claim 1 , 2, or 3 characterized 
by the thing which is chosen from a borate, an oxalate, phosphate, phosphite, hypophosphite, a 
silicate, phosphonate, a phytic acid salt, molybdate, and molybdophosphate, and which use a kind 
at least as a complexing agent. 

[Claim 5] The corrosion-resistant rare earth magnet according to claim 1, 2, or 3 characterized 
by using the chelating agent which has a kind of chelate [ at least ] formation radical which 
consists of the amino group, a carboxyl group, a thiol group, a dithiol radical, a sulfone radical, a 
ketone group, a thioether radical, and a mercaptan radical as a complexing agent. 
[Claim 6] The corrosion-resistant rare earth magnet whose average thickness of a coat given in 
claim 1 thru/or any 1 term of 5 is 1-40 micrometers. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — R-T-M-B (the rare earth elements in which R contains 
Y — at least — a kind — ) T is a kind of element for which Fe or Fe t and Co and M are chosen 
from Ti, Nb, aluminum, V, Mn, Sn, calcium, Mg, Pb, Sb, Zn T Si, Zr, Cr, nickel, Cu, Ga, Mo, W, and Ta 
at least. The content of each element is related with the corrosion-resistant rare earth 
permanent magnet written at 5wt%<=R<=40wt%, 50wt%<=T<=90wt%, 0wt%<=M<=8wt%, and 0.2wt% 
<=B<=8wt%, respectively. 
[0002] 

[Description of the Prior Art] Because of the outstanding magnetic properties, the rare earth 
permanent magnet is used abundantly in broad fields, such as various electric products and a 
peripheral device of a computer, and are the important electrical and electric equipment and an 
electronic ingredient. Since Nd which is a main element existing in abundance from Sm compared 
with a Sm-Co system permanent magnet, and Co are not used for a Nd-Fe-B system permanent 
magnet so much, its material cost is especially cheap, and it is the extremely excellent 
permanent magnet with which magnetic properties also easily endure a Sm-Co system 
permanent magnet. For this reason, increasingly, the amount of the Nd-Fe-B system permanent 
magnet used increases, and an application is also spreading in recent years. 
[0003] However, since a Nd-Fe-B system permanent magnet contains rare earth elements and 
iron as a principal component, it has the fault of oxidizing easily in the inside of a short time in 
the air which wore humidity. For this reason, when it includes in a magnetic circuit, the output of 
a magnetic circuit is fallen by these oxidation, or there is a problem with which rust pollutes the 
device circumference. 

[0004] Although a Nd-Fe-B system permanent magnet is beginning to be used for motors, such 
as a motor for automobiles, and a motor for elevators, especially recently, these are obliged to 
use in a hot and humid environment. Moreover, it must also assume being put to the moisture 
containing salinity, and it is required that higher corrosion resistance should be realized by low 
cost. Furthermore, although these motors are short time in the production process, a magnet 
may be heated by 300 degrees C or more, and in such a case, they also double thermal 
resistance and are required. 

[0005] In order to improve the corrosion resistance of a Nd-Fe-B system permanent magnet, in 
many cases, various surface treatment, such as resin paint, aluminum ion plating, and nickel 
plating, is performed, but with the technique of a present stage, it is difficult to deal with the 
above severe conditions by such surface treatment. For example, resin paint does not have 
thermal resistance, when corrosion resistance runs short. Since a pinhole exists in nickel plating 
slightly, rust is generated in the moisture containing salinity. Although ion plating is good in 
general in thermal resistance and corrosion resistance, it is difficult to need large-scale 
equipment and to realize low cost. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention was made in order to offer the rare 
earth system permanent magnet which is equal to use by the above severe conditions, and it 
aims at offering cheaply the corrosion-resistant rare earth magnet which gave the coat which 
has corrosion resistance and thermal resistance to this magnet. 
[0007] 

[The means for solving a technical problem and the gestalt of implementation of invention] The 
result of having examined wholeheartedly the rare earth system permanent magnet with which 
this invention person has high corrosion resistance, R-T-M-B (and it Co(es) the rare earth 
elements in which R contains Y — at least — a kind and T — Fe or Fe — ) M is a kind of 
element chosen from Ti, Nb, aluminum, V, Mn, Sn, calcium, Mg, Pb, Sb, Zn, Si, Zr, Cr, nickel, Cu, 
Ga, Mo, W, and Ta at least. The content of each element, respectively 5wt%<=R<=40wt%, 50wt% 
<=T<=90wt%, By giving the coat containing silicone resin, flake-like metal impalpable powder, and 
a complexing agent to the front face of the rare earth permanent magnet written at 0wt% 
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<=M<=8wt% and 0.2wt%<=B<=8wt% The knowledge of the ability to offer a corrosion-resistant 
rare earth magnet was carried out, terms and conditions were established, and this invention was 
completed. 

[0008] Therefore, this invention offers the corrosion-resistant rare earth magnet characterized 
by having the coat which contains silicone resin, flake-like metal impalpable powder, and a 
complexing agent on the front face of the above-mentioned rare earth permanent magnet. 
[0009] Hereafter, this invention is explained to a detail, the corrosion-resistant rare earth 
magnet of this invention — R-T-M-B (the rare earth elements in which R contains Y — at least 
— a kind — ) T is a kind of element for which Fe or Fe, and Co and M are chosen from Ti, Nb, 
aluminum, V, Mn, Sn, calcium, Mg, Pb, Sb, Zn, Si, Zr, Cr, nickel, Cu, Ga, Mo, W, and Ta at least. 
The content of each element forms the coat of a specific presentation in the front face of the 
rare earth permanent magnet written at 5wt%<=R<=40wt%, 50wt%<=T<=90wt%, 0wt%<=M<=8wt%, 
and 0.2wt%<=B<=8wt%, respectively. In addition, weight % is meant wt%. 

[0010] Here, in the above-mentioned R-T-M-B rare earth permanent magnet, as R, Ce, Pr, Nd, 
Tb, and Dy are desirable, and, as for especially the content, it is desirable that it is the range of 
10 - 35wt%. moreover — in T, as for Co, it is especially desirable among the total amount of Fe 
and Co less than [ 20wt% ] and that it is 0 - 10wt%, and the range especially of the content of T 
is 55 - 85wt% — ** — it is desirable. Especially as M, Nd, aluminum, V, Sn, Si, Zr, Cu, Ga, Mo, 
and W are desirable, and, as for especially the content, it is desirable that it is the range of 0 - 
2wt%. Furthermore, as for the suitable content of B, it is desirable that it is the range of 0.5 - 
2wt%. 

[001 1] In manufacturing said R-T-M-B rare earth permanent magnet used for this invention, a 
well-known approach is adopted, usually, a first required raw material metal — a vacuum or inert 
gas — it dissolves and creates in Ar ambient atmosphere preferably. Although pure rare earth 
elements, a rare earth alloy, pure iron, ferroborons, these alloys, etc. are used for a raw material 
metal, in industrial production, C, N, O, H, P, S, etc. make it typically various unescapable 
impurities and the thing contained. alphaFe, R rich phase, B rich phase, etc. may remain other 
than R2Fe14 B phase, and the obtained alloy performs solution treatment if needed. What is 
necessary is just to heat-treat the conditions at that time at the temperature of 700-1,200 
degrees C under a vacuum or Ar ambient atmosphere for 1 hour or more. 

[0012] Next, the created raw material metal is ground by coarse grinding, pulverizing, and the 
phase target. Mean particle diameter is good to make it the range of 0.5-20 micrometers. In less 
than 0.5 micrometers, it is easy to oxidize and magnetic properties may fall. Moreover, when it 
exceeds 20 micrometers, there is a possibility that a degree of sintering may worsen. 
[0013] This impalpable powder is fabricated by the predetermined configuration and sinters by 
continuing with the molding press in a magnetic field. Sintering is performed 30 minutes or more 
under a vacuum or Ar ambient atmosphere in a 900-1 ,200-degree C temperature requirement. It 
is good after sintering to carry out aging heat treatment 30 minutes or more at the low 
temperature below sintering temperature further. 

[0014] Two so-called alloying methods which mix and sinter the alloy powder with which not only 
the above-mentioned approach but two kinds of presentations differ as an approach of 
manufacturing a magnet, and manufacture a high performance Nd magnet may be used. The 
method of manufacturing the high performance Nd magnet which maintained a high residual 
magnetic flux density, high coercive force, and the balance that has a high energy product 
further is proposed by determining the presentation of two kinds of alloys in consideration of the 
class of magnetic-substance configuration phase, a property, etc., and combining these with 
patent No. 2853838, 2853839, JP,5-21218,A, JP,5-21219,A, JP,5-74618,A, and JP,5-182814,A. 
[0015] To the rare earth system permanent magnet in this invention, in industrial production, 
although C, N, O, H, P, S, etc. are contained typically, as for the total, it is desirable an 
unescapable impurity element and that it is less than [ 2wt% ]. If 2wt(s)% is exceeded, the 
nonmagnetic component in a permanent magnet may increase, a residual magnetic flux density 
may become small, and it may not be desirable. Moreover, there is a possibility that rare earth 
elements may be consumed by these impurities, and may become poor sintering, and coercive 
force may become low. As total of an impurity is low, a residual magnetic flux density and 
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coercive force become higher. 

[0016] In this invention, it is applying, and making the front face of said permanent magnet carry 
out heat hardening of the processing liquid containing silicone resin, flake-like metal impalpable 
powder, and a complexing agent continuously, and a high corrosion resistance coat is formed in a 
magnet front face. 

[0017] Although especially the class of silicone resin used for the processing liquid in this 
invention is not limited, it can be chosen from resin, such as straight silicone resin, such as 
methyl silicone resin and methylphenyl silicone resin, and the denaturation silicone resin which 
combined silicone and various organic resin, for example, silicone polyester resin and a silicone 
epoxy resin, a silicone alkyd resin, and silicone acrylic resin. Moreover, two or more kinds can be 
mixed and these can also be used. In addition, as for silicone resin, it is desirable that it is a thing 
containing a silanol group. Especially as weight average molecular weight, although not limited, it 
is good to use the thing of 5,000-5,000,000 preferably. 

[0018] As flake-like impalpable powder used in this invention, as being chosen from aluminum, 
Mg, calcium, Zn, Si, and Mn, a kind and/or the flake-like impalpable powder of these alloys can be 
used as it is few. An average major axis is [ 0.1 micrometers - 15 micrometers and average 
thickness ] 0.01-5 micrometers, and two or more things have [ the configuration of this 
impalpable powder ] a desirable aspect ratio (an average major axis / average thickness). More 
preferably, an average major axis is 1 micrometer - 10 micrometers, and average thickness is 
0.1-0.3 micrometers, and aspect ratios (an average major axis / average thickness) are ten or 
more things. An average major axis may not carry out a laminating in parallel [ flake-like 
impalpable powder ] with a base in less than 0.1 micrometers, but the adhesion force may be 
insufficient. When an average major axis exceeds 15 micrometers, at the time of heating printing, 
a flake is lifted by the volatile matter which evaporated, and a laminating is not carried out in 
parallel with a base, but there is a possibility of as a result becoming the bad coat of adhesion. 
Moreover, an average major axis has desirable 15 micrometers or less on the dimensional 
accuracy of a coat. As for a less than 0.01 -micrometer thing, a flake front face may oxidize 
[ average thickness ] in the manufacture phase of a flake, the film may become weak, and 
corrosion resistance may get worse. If average thickness exceeds 5 micrometers, distribution of 
the flake in the inside of said processing liquid worsens, it becomes easy to sediment, processing 
liquid may become unstable, and, as a result, corrosion resistance may worsen. If an aspect ratio 
is less than two, it is hard to carry out the laminating of the flake in parallel with a base, and it 
may become poor adhesion. Although there is no upper limit of an aspect ratio, a not much large 
thing is not desirable in cost. 

[0019] Although the class of complexing agent in this invention will not be limited especially if it 
has the complexing force to the metal ion of a magnet or a flake, a borate, an oxalate, phosphate, 
phosphite, hypophosphite, a silicate, phosphonate, a phytic acid salt, molybdate, 
molybdophosphate, etc. can be used for it, for example. For example, boric-acid zinc, ammonium 
pentaborate, sodium perborate, an ammonium oxalate, A calcium oxalate, a potassium oxalate, 
phosphorous acid zinc, phosphorous acid magnesium, Phosphorous acid manganese, phosphorous 
acid zinc nickel, phosphorous acid zinc magnesium, Calcium phosphate, phosphoric-acid zinc, 
polyphosphoric acid aluminum, phosphoric-acid 2 hydrogen aluminum, Calcium hypophosphite, 
sodium hypophosphite, a sodium silicate, A silicic-acid lithium, a potassium silicate, zirconium 
silicate, a calcium silicate, An aluminum silicate, a magnesium silicate, amino alkylene phosphonic 
acid, There are phytic acid zinc, phytic acid ethylamine, sodium phytate, phytic acid magnesium, 
molybdic-acid zinc, molybdic-acid calcium, molybdophosphoric acid aluminum, 
molybdophosphoric acid calcium, etc. Moreover, chelating agents which have the chelate 
formation radical of the amino group, a carboxyl group, a thiol group, a dithiol radical, a ketone 
group, and a thioether radical still more preferably, such as the amino group, a carboxyl group, a 
thiol group, a dithiol radical, a sulfone radical, a ketone group, a thioether radical, and a 
mercaptan radical, may be used. For example, triamino triethylamine, amino polyacrylamide, a 
polyethylene carboxylic acid, a polyethyleneimine thiol, polyethyleneimine dithiol, a 
polyethyleneimine ketone, a polyacrylic acid thioether, etc. are mentioned. A complexing agent 
may dissolve in the binder of a coating, or a coating may be made to add it as a pigment. 
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[0020] 5 - 90wt%, especially 10 - 85wt% of the loadings of the silicone resin in processing liquid 
are desirable, and 5 - 90wt%, especially 10 - 85wt% of the loadings of flake-like impalpable 
powder are desirable. Moreover, 1 - 50wt%, especially 5 - 30wt% of the loadings of a complexing 
agent are desirable. In creating this processing liquid, various solvents can be used for viscosity 
control. What has the silicone resin to be used and compatibility as a class of solvent is 
desirable, moreover, an engine-performance improvement sake — a dispersant, a sedimentation 
inhibitor, a thickener, a defoaming agent, an anti-skinning agent, a drying agent, and a curing 
agent — it hangs down and various additives, such as an inhibitor, may be added a maximum of 
10% of the weight. 

[0021] After applying said processing liquid to said permanent magnet, it is made to harden by 
performing heat-treatment. What is necessary is not to be limited especially about the method of 
application and just to carry out the coat of the above-mentioned processing solution by the 
well-known approach. It is thought that the silanol group of the end of silicone resin carries out 
dehydration condensation, and forms a hard coat by heat-treatment. Moreover, it is thought by 
the reaction of the hydroxyl group and silanol group which exist in a substrate front face that the 
adhesion force with a substrate is improved. About heating conditions, it is desirable in 
atmospheric air or inert gas to maintain 5 minutes or more among 50 degrees C - 500 degrees C 
for less than 5 hours. Hardening is inadequate in less than 5 minutes, and the adhesion force and 
corrosion resistance worsen. Moreover, if it carries out in 5 hours or more, since it is not not 
only desirable on a production cost, but a damage may be given to a magnet, it is not desirable. 
[0022] If in charge of formation of the coat in this invention, two coats and heat-treatment may 
be performed repeatedly. 

[0023] The coat in this invention serves as the structure where flake-like impalpable powder and 
a complexing agent were combined by the silicone over which the bridge was constructed 
( drawing 1 ). Heating decomposes gradually, it changes to a silica 2 in part, silicone 1 and a silica 
2 live together, and silicone 1 is considered that a binder consists of a silica 2 and silicone 1. 
Although the reason which shows high corrosion resistance is not certain, since impalpable 
powder is a flake-like, in general in parallel with a base, a magnet is covered well and this is 
considered [ a set and ] with a shielding effect. Moreover, when a metal or an alloy with **** 
potential is used from a permanent magnet as flake-like impalpable powder 3, these oxidize 
previously and are considered that there is effectiveness which controls oxidation of the magnet 
of a substrate. Furthermore, advance of corrosion is controlled, in order for a complexing agent 4 
to catch the metal ion eluted by anodic dissolution from a magnet or flake-like impalpable 
powder and to form an insoluble precise complex under corrosive environment. Moreover, the 
generated coat also has the description that thermal resistance is high compared with an organic 
coat, including an inorganic substance mostly. 

[0024] As for the average thickness of the coat in this invention, it is desirable for there to be 
1-40 micrometers in the range of 5-30 micrometers preferably. In less than 1 micrometer, 
corrosion resistance may be insufficient, and it may not be desirable. If it exceeds 40 
micrometers, it may lifting-come to be easy of an adhesion force fall and interlaminar peeling, 
and may not be desirable. Furthermore, since the volume of the permanent magnet which can be 
used will become small even if an appearance configuration is the same if a coat is thickened, a 
magnet use top may not be desirable, either. 
[0025] 

[Example] Although a synthetic example, an example, and the example of a comparison are 
shown and this invention is explained concretely hereafter, this invention is not limited to these. 
[0026] The ingot of the presentation which becomes 32Nd~1 .2B-59.8Fe-7Co by the weight ratio 
by the RF dissolution of a [synthetic example] Ar ambient atmosphere was produced. Coarse 
grinding of this ingot was carried out with the jaw crusher, it pulverized with the jet mill by 
nitrogen gas further, and the impalpable powder whose mean particle diameter is 3.5 micrometers 
was obtained. Next, it was filled up with this impalpable powder in the metal mold impressed to 
10kOe field, and it was fabricated by the pressure of 1.0 t/cm2. Subsequently, it sintered at 1100 
degrees C among the vacuum for 2 hours, aging treatment was performed at 550 more degrees 
C for 1 hour, and it considered as the permanent magnet. After starting the piece of a magnet of 
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21mm x thickness dimension of 5mm of diameters from the obtained permanent magnet and 
performing barrel finishing processing, ultrasonic rinsing was performed and it considered as the 
test piece. 

[0027] The silicone indicated in the examples 1-16 of examples 1-16 and the [examples 1-4 of 
comparison] table 1, the metal flake (0.2 micrometers in the average major axis of 3 
micrometers, average thickness), and the complexing agent were mixed by the ratio of a 
publication, and it distributed by the homogenizer, it stirred with the propeller mixer, processing 
liquid was created, and said test piece was sprayed with the spray gun. After carrying out heat 
hardening at 300 degrees C for 30 minutes, as a result of measuring thickness, it was 10 
micrometers altogether. The sample which performed aluminum ion plating which adjusted 
thickness to 10 micrometers, nickel plating, and epoxy resin paint to said test piece was also 
created for the comparison. About these samples, it is a salt spray test (it applies to JIS-Z - 
2371.). Continuation spraying of the brine is carried out at 35 degrees C 5%, and time amount 
until **** occurs estimates. It carried out and corrosion resistance was evaluated. Moreover, 
appearance change of the coat after heating at 350 degrees C for 4 hours was investigated 
visually. It turns out that corrosion resistance and thermal resistance are in a permanent magnet 
given in this invention as ******** compared with the permanent magnet which performed other 
surface treatment. 



[0028] 
[Table 1] 
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[0029] The sample to which only thickness was changed is created about the case of the 
[examples 17-36] examples 1, 3, 8, and 15, and it is a squares adhesion test (it applies to JIS-K- 
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5400 cross cut adhesion test.), the number of the squares which pushed the cellophane tape 
strongly, lengthened at the include angle of 45 degrees strongly, removed, and remained after 
putting in an incised wound in a grid pattern so that 100 1mm masses may be made with a cutter 
knife at a coat — adhesion — evaluation — a salt spray test (it applies to J1S-Z -2371.) 
Continuation spraying of the brine is carried out at 35 degrees C 5%, and time amount until **** 
occurs estimates. It carried out. A result is shown in Table 2. Adhesion may be inferior if too 
thicker [ if thickness is too thin, corrosion resistance runs short, and ] than Table 2. 
[0030] 
[Table 2] 
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[0031] 

[Effect of the Invention] According to this invention, by applying the processing liquid containing 
silicone resin, flake-like metal impalpable powder, and a complexing agent to the front face of a 
rare earth permanent magnet, and performing heat hardening, a corrosion-resistant permanent 
magnet can be offered cheaply and the utility value is very high on industry. 



[Translation done.] 
* NOTICES * 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dr awing 1 ] It is the explanatory view of the structure of the corrosion-resistant coat of this 
invention. 

[Description of Notations] 

1 Silicone 

2 Silica 

3 Flake-like Metal Impalpable Powder 

4 Complexing Agent 

5 Magnet Base 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 







[Drawing 1] 

4 




3 {iv-m&mmm 

1, 2 w*->, H*) 



5 m&mm 





[Translation done.] 
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